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Description
TECHNICAL FIELD

[0001] The present invention relates to a therapeutic agent for epithelial and endothelial injury, and in particular, a
therapeutic agent for epithelial and endothelial microinjury, and a spread inducer of epithelial and endothelial cells, etc.

BACKGROUND ART

[0002] Blood coagulation factor IX (F9) associated with hemostasis and coagulation is an essential blood coagulation
factor that has been classically known, and it is well known as a causal protein of hemophilia. During the process of a
blood coagulation reaction, F9 is cleaved at an intermediate portion (Activation peptide (F9-AP)) existing between the
light chain and the heavy chain by blood coagulation factor XI (F11) and blood coagulation factor VII, and it then becomes
activated. Even after the cleavage, the light chain is linked to the heavy chain via a disulfide bond, and F9 promotes
blood coagulation as a single molecule (Non Patent Literature 1: Textbook of Medical Physiology, 10e. Arthur C. Guyton
MD). However, there are almost no reports regarding the functions of F9-AP, which is an intermediate portion.

[0003] It should be noted that vascular endothelial cells, which constitute one type of epithelial cell, generally control
platelet functions or the coagulation and fibrinolytic system, and act to prevent thrombus formation in the blood vessel.
In addition, the inner surfaces of the blood vessels are coated with vascular endothelial cells, and this prevents the
leakage of blood or the components thereof from the blood vessels. Various acute diseases result from damage to
vascular endothelial cells (Non Patent Literature 2: Harrison’s Principles of Internal Medicine, 18e. Dan Longo). Examples
of the diseases resulting from damage to vascular endothelial cells include: acute coronary syndrome (ACS) such as
myocardial infarction; disseminated intravascular coagulation syndrome (DIC), in which blood coagulation reactions that
should occur only at bleeding sites randomly occur in the blood vessels throughout the whole body; septicemia, which
is a systemic inflammatory response syndrome caused by bacteria; and anaphylaxis, which is an allergic disease ex-
hibiting the most severe symptoms among allergic diseases. In these diseases, the extent of injury of endothelial cells
is small. However, abnormal coagulation in blood vessels and the leakage of blood components from blood vessels
occur. Since these symptoms are acute and severe, prompt and appropriate measures and administration of a therapeutic
agent are required. In order to treat the acute stage of the aforementioned diseases, administration of an antihypertensive
agent, antihistamine, steroid, an anticoagulant drug, and other agents, as well as invasive treatments such as bypass
surgery have been conventionally carried out. Although the above-mentioned diseases have each different causes,
injury of vascular endothelial cells and the leakage of plasma components to stroma caused thereby are turning points
for the determination of the prognosis of the diseases. Accordingly, it has been desired in clinical sites to develop a
therapeutic agent capable of promptly repairing epithelial and endothelial injury and improving the functions thereof.
However, none of the conventional therapeutic agents for epithelial and endothelial injury have provided prompt thera-
peutic effects.

SUMMARY OF INVENTION

[0004] Undersuchcircumstances, ithas beendesired to develop atherapeutic agent capable of promptly and effectively
treating epithelial and endothelial injury, and in particular, epithelial and endothelial microinjury, and the like.

[0005] The present invention has been completed, taking into consideration the aforementioned circumstances. The
present invention provides a therapeutic agent for epithelial and endothelial injury, a spread inducer of epithelial and
endothelial cells, a pharmaceutical composition comprising the aforementioned therapeutic agent or spread inducer
(e.g., a pharmaceutical composition for use in the treatment of diseases or pathological conditions associated with
epithelial and endothelial injury), and the like, as described below.

(1) A peptide of any one of the following (a) to (f), a derivative thereof, or their salt:

(a) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 10,4, 12 and 6;

(b) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 16, 18, 20 and 22;

(c) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or
several amino acids with respect to the amino acid sequence shown in any one of 10, 4, 12 and 6, and which
has an activity of repairing epithelial and endothelial injury or an activity of inducing spread of epithelial and
endothelial cells;

(d) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or
several amino acids with respect to the amino acid sequence shown in any one of 16, 18, 20 and 22, and which
has an activity of repairing epithelial and endothelial injury or an activity of inducing spread of epithelial and
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endothelial cells;

(e) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 10, 4, 12 and 6, and which has an activity of repairing epithelial and endothelial
injury or an activity of inducing spread of epithelial and endothelial cells; and

(f) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 16, 18, 20 and 22, and which has an activity of repairing epithelial and endothelial
injury or an activity of inducing spread of epithelial and endothelial cells.

In the peptide according to (1) above, a derivative thereof, or their salt, the epithelial and endothelial injury is, for
example, microinjury.

(2) A therapeutic agent for epithelial and endothelial injury, which comprises a peptide of any one of the following
(a) to (f), a derivative thereof, or their salt:

(a) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 10,4, 12 and 6;

(b) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 16, 18, 20 and 22;

(c) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or
several amino acids with respect to the amino acid sequence shown in any one of 10, 4, 12 and 6, and which
has an activity of repairing epithelial and endothelial injury;

(d) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or
several amino acids with respect to the amino acid sequence shown in any one of 16, 18, 20 and 22, and which
has an activity of repairing epithelial and endothelial injury;

(e) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 10, 4, 12 and 6, and which has an activity of repairing epithelial and endothelial
injury; and

(f) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 16, 18, 20 and 22, and which has an activity of repairing epithelial and endothelial
injury.

In the therapeutic agent according to (2) above, the epithelial and endothelial injury is, for example, microinjury.

(3) A spread inducer of epithelial and endothelial cells, which comprises a peptide of any one of the following (a) to
(f), a derivative thereof, or their salt:

(a) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 10,4, 12 and 6;

(b) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 16, 18, 20 and 22;

(c) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or
several amino acids with respect to the amino acid sequence shown in any one of 10, 4, 12 and 6, and which
has an activity of inducing spread of epithelial and endothelial cells;

(d) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or
several amino acids with respect to the amino acid sequence shown in any one of 16, 18, 20 and 22, and which
has an activity of inducing spread of epithelial and endothelial cells;

(e) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 10, 4, 12 and 6, and which has an activity of inducing spread of epithelial and
endothelial cells; and

(f) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 16, 18, 20 and 22, and which has an activity of inducing spread of epithelial and
endothelial cells.

(4) A method for inducing spread of epithelial and endothelial cells, which comprises administering the spread
inducer according to (3) above to a test animal.

(5) A pharmaceutical composition comprising the therapeutic agent according to (2) above or the spread inducer
according to (3) above.

An example of the pharmaceutical composition according to (5) above is a pharmaceutical composition for use in
the treatment of diseases or pathological conditions associated with epithelial and endothelial injury. Herein, the
epithelial and endothelial injury is, for example, microinjury. An example of the diseases or pathological conditions
is at least one selected from the group consisting of septicemia, arteriosclerosis, acute myocardial infarction, angina,
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artery vein thrombosis, brain edema in cerebral vascular disease, bronchial asthma, and increased vascular per-
meability.

(6) A method for treating diseases or pathological conditions associated with epithelial and endothelial injury, which
comprises administering the pharmaceutical composition according to (5) above to a test animal.

In the method according to (6) above, the epithelial and endothelial injury is, for example, microinjury. An example
of the diseases or pathological conditions is at least one selected from the group consisting of septicemia, arterio-
sclerosis, acute myocardial infarction, angina, artery vein thrombosis, brain edema in cerebral vascular disease,
bronchial asthma, and increased vascular permeability.

[0006] According to the present invention, there can be provided a therapeutic agent for epithelial and endothelial
injury, and in particular, a therapeutic agent for epithelial and endothelial microinjury. Also, the present invention is able
to provide a spread inducer of epithelial and endothelial cells.

[0007] The aforementioned therapeutic agent and spread inducer are extremely useful in that these agents can be
used for the treatment of various types of diseases or pathological conditions, which are associated with epithelial and
endothelial injury (particularly, microinjury).

[0008] Moreover, taking into consideration action effects, the aforementioned therapeutic agent and spread inducer
can also be used as intercellular adhesion enhancers or intercellular space closers. This matter can be understood, for
example, from the after-mentioned results of Examples 4 and 8 of the present application, etc.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

Figure 1 includes photographs showing the results of Example 1 of the present application.

Figure 2 is a graph showing the results of Example 2 of the present application. The numerical value of the vertical
axis indicates the number of cells removed from the bottom surface when a culture dish was shaken.

Figure 3 includes photographs showing the results of Example 3 of the present application.

Figure 4 includes photographs showing the results of Example 4 of the present application.

Figure 5 includes photographs showing the results of Example 5 of the present application.

Figure 6 includes photographs showing the results of Example 6 of the present application.

Figure 7 includes photographs showing the results of Example 7 of the present application.

Figure 8 includes photographs showing the results of Example 8 of the present application.

Figure 9 is a graph showing the results of Example 9 of the present application. The numerical value of the vertical
axis indicates the amount of fluorescence-modified dextran that permeated a vascular endothelial cell sheet (which
is a relative amount obtained when the value of a negative control is defined as 1).

Figure 10 is a graph showing the results of Experiment 1 in Example 10 of the present application, namely, the
results regarding therapeutic effects on pulmonary edema (the effect of reducing the amount of lung water). In the
graph, "Control" indicates normal mice, "LPS" indicates an "LPS (lipopolysaccharide) + control peptide (SEQ ID
NO: 26)" administration group, and "LPS/Peptide" indicates an "LPS (lipopolysaccharide) + therapeutic peptide
(SEQ ID NO: 25)" administration group. In addition, the numerical value of the vertical axis in the graph indicates
the ratio of the weight (g) of lung to the body weight (g) of each mouse (lung weight (g) / body weight (g)).

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, the present invention will be described in detail. The scope of the present invention is not limited
to the following explanation. The present invention, other than those described below, may be modified as appropriate
and may be carried out in a range that does not impair the gist of the present invention.

[0011] The present description includes all of the contents as disclosed in the specification of Japanese Patent Appli-
cation No. 2012-102910 (filed on April 27, 2012), which is a priority document of the present application. In addition, all
publications, for example, prior art publications, and patent literatures such as patent laid-open publications and patent
publications, are incorporated herein by reference in their entirety.

1. Therapeutic Agent for Epithelial and Endothelial Injury, and Spread Inducer of Epithelial and Endothelial Cells
[0012] The therapeutic agent for epithelial and endothelial injury of the present invention (hereinafter referred to as

"the therapeutic agent of the present invention") and the spread inducer of epithelial and endothelial cells of the present
invention (hereinafter referred to as "the spread inducer of the present invention") comprise a peptide at an intermediate
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portion (Activation peptide (F9-AP)) existing between the light chain and the heavy chain in the entire length of blood
coagulation factor IX (F9), or a peptide including a partial fragment thereof, or the like.

[0013] The target of the treatment and spread induction by the therapeutic agent of the present invention and the
spread inducer of the present invention may be epithelium or endothelium. Thus, the target is not particularly limited,
and it is preferably endothelium. In particular, endothelial cells are more preferable, and vascular endothelial cells are
even more preferable.

[0014] Moreover, in the presentinvention, the term "epithelial and endothelial injury" is used to mean injury to epithelial
and endothelial tissues or epithelial and endothelial cells, and thus, it is not limited. However, the injury is preferably
microinjury. In the present invention, the term "microinjury” can be defined as a space with a size from 1 um or less (for
example, 10 nm to 1 um) to approximately 100 wm, which is created by a deletion of one or several cells, abnormality
of intercellular adhesion, etc.

[0015] Furthermore, in the present invention, the term "extension of epithelial and endothelial cells" is defined as a
phenomenon whereby the original cell shape of the aforementioned cell is extended and deformed to spread, and it then
becomes to covertherange of aspace or areathatis larger than the ordinary state (the state of the cell before deformation).
[0016] The term "the entire length of F9" is used in the present invention to mean a peptide (protein) consisting of an
amino acid sequence formed by removing, from the amino acid sequence of the whole F9 having a signal peptide and
a propeptide, the signal peptide and propeptide portion.

[0017] For example, in the case of a mouse-derived peptide (protein), a peptide (protein) consisting of the amino acid
sequence shown in SEQ ID NO: 2 (a total of 425 amino acids), which is formed by removing an amino acid sequence
corresponding to the signal peptide and propeptide portion from the amino acid sequence of the whole F9 shown in
SEQ ID NO: 8 (GenBank Accession No.: BAE28840; a total of 471 amino acids), corresponds to the entire length of F9.
Since the region consisting of amino acids at positions 1 to 46 of the amino acid sequence shown in SEQ ID NO: 8
corresponds to the signal peptide and propeptide portion (the same applies in the present description), the amino acid
sequence shown in SEQ ID NO: 2 consists of amino acids at positions 47 to 471 of the amino acid sequence shown in
SEQ ID NO: 8. It is to be noted that the DNA encoding the peptide (protein) consisting of the amino acid sequence
shownin SEQ ID NO: 8 is DNA consisting of nucleotides at positions 2 to 1414 (or at positions 2 to 1417) of the nucleotide
sequence shown in SEQ ID NO: 7 (GenBank Accession No.: AK149372), and that the DNA encoding the peptide (protein)
consisting of the amino acid sequence shown in SEQ ID NO: 2 is the nucleotide sequence shown in SEQ ID NO: 1
(namely, DNA consisting of nucleotides at positions 140 to 1414 (or at positions 140 to 1417) of the nucleotide sequence
shown in SEQ ID NO: 7).

[0018] On the other hand, in the case of a human-derived peptide (protein), a peptide (protein) consisting of the amino
acid sequence shown in SEQ ID NO: 14 (a total of 433 amino acids), which is formed by removing an amino acid
sequence corresponding to the signal peptide and propeptide portion from the amino acid sequence of the whole F9
shown in SEQ ID NO: 24 (GenBank Accession No.: CAA01140.1; a total of 461 amino acids), corresponds to the entire
length of F9. Since the region consisting of amino acids at positions 1 to 28 of the amino acid sequence shown in SEQ
ID NO: 24 is the signal peptide and propeptide portion (the same applies in the present description), the amino acid
sequence shown in SEQ ID NO: 14 consists of amino acids at positions 29 to 461 of the amino acid sequence shown
in SEQ ID NO: 24. It is to be noted that the DNA encoding the peptide (protein) consisting of the amino acid sequence
shown in SEQ ID NO: 24 is DNA consisting of nucleotides at positions 2 to 1384 (or at positions 2 to 1387) of the
nucleotide sequence shown in SEQ ID NO: 23 (GenBank Accession No.: A13997.1), and that the DNA encoding the
peptide (protein) consisting of the amino acid sequence shown in SEQ ID NO: 14 is the nucleotide sequence shown in
SEQ ID NO: 13 (namely, DNA consisting of nucleotides at positions 86 to 1384 (or at positions 86 to 1387) of the
nucleotide sequence shown in SEQ ID NO: 23).

[0019] As described above, the therapeutic agent of the present invention and the spread inducer of the present
invention specifically comprise a peptide at an intermediate portion (F9-AP) existing between the light chain and the
heavy chain in the entire length of F9 (for example, SEQ ID NOS: 2 and 14), or a partial fragment thereof. Specifically,
these agents comprise the following peptide (a) or (b):

(a) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 10, 4, 12 and 6; or
(b) a peptide comprising the amino acid sequence shown in any one of SEQ ID NOS: 16, 18, 20 and 22.

[0020] The aforementioned peptide (a) is not limited. It is preferably a peptide consisting of the amino acid sequence
shown in any one of SEQ ID NOS: 10, 4, 12 and 6. Likewise, the aforementioned peptide (b) is not limited. It is preferably
a peptide consisting of the amino acid sequence shown in any one of SEQ ID NOS: 16, 18, 20 and 22.

[0021] With regard to the aforementioned peptide (a), the amino acid sequences shown in SEQ ID NOS: 10, 4, 12
and 6 are all the amino acid sequences of partial fragments of mouse-derived F9. With regard to the aforementioned
peptide (b), the amino acid sequences shown in SEQ ID NOS: 16, 18, 20 and 22 are all the amino acid sequences of
partial fragments of human-derived F9.
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[0022] Herein, the amino acid sequence shown in SEQ ID NO: 6 (45 amino acids) is the amino acid sequence of the
peptide at the above-described intermediate portion (F9-AP) in mouse-derived F9. Likewise, the amino acid sequence
shown in SEQ ID NO: 22 (36 amino acids) is the amino acid sequence of the peptide at the above-described intermediate
portion (F9-AP) in human-derived F9.

[0023] The amino acid sequences shown in SEQ ID NOS: 4 and 18 are amino acid sequences consisting of 25 amino
acids on the N-terminal side of the amino acid sequences shown in SEQ ID NOS: 6 and 22, respectively.

[0024] In addition, the amino acid sequences shown in SEQ ID NOS: 12 and 20 are amino acid sequences formed
by removing one amino acid (Arg: arginine) on the N-terminal side of the amino acid sequences shown in SEQ ID NOS:
6 and 22, respectively.

[0025] Moreover, the amino acid sequences shown in SEQ ID NOS: 10 and 16 are amino acid sequences each
consisting of 24 amino acids, which are formed by removing one amino acid (Arg: arginine) on the N-terminal side of
the amino acid sequences shown in SEQ ID NOS: 4 and 18, respectively.

[0026] Peptides each consisting of the above-described 25 amino acid residues shown in SEQ ID NOS: 4 and 18,
and in particular, peptides each consisting of 24 amino acids residues shown in SEQ ID NOS: 10 and 16, are portions
corresponding to the active sites of the above-described intermediate portions (F9-AP) in mouse- and human-derived
F9. Herein, the mouse-derived amino acid sequence shown in SEQ ID NO: 10, which corresponds to the aforementioned
active site, has high homology with the human-derived amino acid sequence shownin SEQ ID NO: 16, which corresponds
to the aforementioned active site. Also, the amino acid sequences of, at least, mammals show high homology with one
another. Therefore, when a peptide comprising, for example, a mouse-derived amino acid sequence has been confirmed
to have an activity of repairing epithelial and endothelial injury or an activity of inducing spread of epithelial and endothelial
cells, a person skilled in the art could have rationally and naturally assumed that a peptide comprising an amino acid
sequence derived from another mammal, and in particular, from a human could also have the above-described epithelial
and endothelial injury repairing activity or spread-inducing activity.

[0027] Furthermore, the amino acid sequence shown in SEQ ID NO: 4 is a sequence consisting of 25 amino acids at
positions 192 to 216 of the amino acid sequence shown in SEQ ID NO: 8 that is the whole F9 derived from mice; the
amino acid sequence shown in SEQ ID NO: 10 is a sequence consisting of 24 amino acids at positions 193 to 216 of
the amino acid sequence shown in SEQ ID NO: 8; the amino acid sequence shown in SEQ ID NO: 6 is a sequence
consisting of 45 amino acids at positions 192 to 236 of the amino acid sequence shown in SEQ ID NO: 8; and the amino
acid sequence shown in SEQ ID NO: 12 is a sequence consisting of 44 amino acids at positions 193 to 236 of the amino
acid sequence shown in SEQ ID NO: 8. It is to be noted that DNAs encoding the above-described peptides (proteins)
consisting of the amino acid sequences shown in SEQ ID NOS: 10, 4, 12 and 6 are the nucleotide sequences shown
in SEQ ID NOS: 9, 3, 11 and 5, respectively.

[0028] Similarly, the amino acid sequence shown in SEQ ID NO: 18 is a sequence consisting of 25 amino acids at
positions 191 to 215 of the amino acid sequence shown in SEQ ID NO: 24 that is the whole F9 derived from humans;
the amino acid sequence shown in SEQ ID NO: 16 is a sequence consisting of 24 amino acids at positions 192 to 215
of the amino acid sequence shown in SEQ ID NO: 24; the amino acid sequence shown in SEQ ID NO: 22 is a sequence
consisting of 36 amino acids at positions 191 to 226 of the amino acid sequence shown in SEQ ID NO: 24; and the
amino acid sequence shown in SEQ ID NO: 20 is a sequence consisting of 35 amino acids at positions 192 to 226 of
the amino acid sequence shown in SEQ ID NO: 24. It is to be noted that DNAs encoding the above-described peptides
(proteins) consisting of the amino acid sequences shown in SEQ ID NOS: 16, 18, 20 and 22 are the nucleotide sequences
shown in SEQ ID NOS: 15, 17, 19 and 21, respectively.

[0029] Inthe presentinvention, the term "peptide" is used to mean a product constructed by binding at least two amino
acids via a peptide bond. The present peptide includes an oligopeptide, a polypeptide, and the like. Further, a polypeptide
that forms a certain three-dimensional structure is referred to as a "protein." In the present invention, such a protein is
also included in the above-described "peptide." Accordingly, a peptide comprised in the therapeutic agent of the present
invention and the spread inducer of the present invention may mean any one of an oligopeptide, a polypeptide and a
protein.

[0030] Further, as described above, the therapeutic agent of the present invention and the spread inducer of the
present invention may comprise, as peptides functionally equivalent to the above-described peptides (a) and (b), the
following peptides (c) and (d):

(c) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or several
amino acids with respect to the amino acid sequence shown in any one of 10, 4, 12 and 6, and which has an activity
of repairing epithelial and endothelial injury or an activity of inducing spread of epithelial and endothelial cells; and
(d) a peptide, which comprises an amino acid sequence having a deletion, substitution or addition of one or several
amino acids with respect to the amino acid sequence shown in any one of 16, 18, 20 and 22, and which has an
activity of repairing epithelial and endothelial injury or an activity of inducing spread of epithelial and endothelial cells.
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[0031] Herein, an example of the aforementioned "amino acid sequence having a deletion, substitution or addition of
one or several amino acids" is an amino acid sequence having a deletion, substitution or addition of, for example, 1 to
15 amino acids, 1 to 14 amino acids, 1 to 13 amino acids, 1 to 12 amino acids, 1 to 11 amino acids, 1 to 10 amino acids,
1 to 9 amino acids, 1 to 8 amino acids, 1 to 7 amino acids, 1 to 6 amino acids (1 to several amino acids), 1 to 5 amino
acids, 1 to 4 amino acids, 1 to 3 amino acids, 1 or 2 amino acids, or 1 amino acid. Thus, the number of amino acids to
be deleted, substituted or added is not limited. In general, as the number of amino acids decreases, it becomes preferable.
Introduction of the mutation such as deletion, substitution or addition can be carried out using a mutagenesis kit that
utilizes a site-directed mutagenesis, such as GeneTailor™ Site-Directed Mutagenesis System (Invitrogen), or TaKaRa
Site-Directed Mutagenesis System (Prime STAR(registered trademark) Mutagenesis Basal kit, Mutan(registered trade-
mark)-Super Express Km, etc.; manufactured by Takara Bio Inc.). Further, whether or not the concerned peptide is a
peptide, into which the above-described mutation such as deletion, substitution or addition has been introduced, can be
confirmed by various types of amino acid sequence determination methods, and structural analysis methods involving
X-ray, NMR, etc.

[0032] Stillfurther, examples of the peptides functionally equivalent to the above-described peptides (a) and (b) include
the following peptides (e) and (f):

(e) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 10, 4, 12 and 6, and which has an activity of repairing epithelial and endothelial injury
or an activity of inducing spread of epithelial and endothelial cells; and

(f) a peptide, which comprises an amino acid sequence having homology of 80% or more with the amino acid
sequence shown in any one of 16, 18, 20 and 22, and which has an activity of repairing epithelial and endothelial
injury or an activity of inducing spread of epithelial and endothelial cells.

[0033] More specifically, examples of the above-described peptides (e) and (f) include peptides, which each comprise
an amino acid sequence having homology of approximately 80% or more, 81% or more, 82% or more, 83% or more,
84% or more, 85% or more, 86% or more, 87% or more, 88% or more, 89% or more, 90% or more, 91% or more, 92%
or more, 93% or more, 94% or more, 95% or more, 96% or more, 97% or more, 98% or more, 99% or more, 99.1% or
more, 99.2% or more, 99.3% or more, 99.4% or more, 99.5% or more, 99.6% or more, 99.7% or more, 99.8% or more,
or 99.9% or more, with the amino acid sequence shown in any one of SEQ ID NOS: 10, 4, 12 and 6 with regard to the
peptide (a), or with the amino acid sequence shown in any one of SEQ ID NOS: 16, 18, 20 and 22 with regard to the
peptide (b), and which each have an activity of repairing epithelial and endothelial injury or an activity of inducing spread
of epithelial and endothelial cells. In general, as the aforementioned numerical value indicating homology increases, it
becomes preferable.

[0034] In the present invention, the term "activity of repairing epithelial and endothelial injury" is used to mean an
activity of recovering the coatability (integrity) of epithelial and endothelial cells in the epithelium and endothelium. This
activity can be evaluated and measured, for example, by Wound healing assay, Permeability assay, an immunostaining
method, etc.

[0035] Moreover, in the present invention, the term "activity of inducing spread of epithelial and endothelial cells" is
used to mean an activity of extending the shape of individual epithelial and endothelial cells (in particular, cells existing
around epithelial and endothelial injury), and more specifically, an activity of extending the area of a substrate coated
with a single of the aforementioned epithelial and endothelial cells in the epithelium and endothelium. This activity can
be measured, for example, by Wound healing assay, Permeability assay, an immunostaining method, etc.

[0036] With regard to the above-described peptides (a) to (f), which are comprised in the therapeutic agent of the
present invention and the spread inducer of the present invention, the number of the constituent amino acid residues is
not particularly limited, and it can be determined, as appropriate, in a range in which the predetermined activity (the
activity of repairing epithelial and endothelial injury, or the activity of inducing spread of epithelial and endothelial cells)
can be maintained.

[0037] The above-described peptides (a) to (f) may be either naturally occurring peptides, or artificial peptides obtained
by chemical synthesis, and thus, they are not limited. When the peptides (a) to (f) are naturally occurring peptides, they
are preferable because there are no adverse effects such as cytotoxicity or side effects in many cases.

[0038] Examples of such naturally occurring peptides include natural oligopeptides, polypeptides and proteins, and
their fragments. Such naturally occurring peptides may be directly obtained from natural products according to a known
recovery method and a known purification method. Otherwise, according to a known genetic recombination technique,
a gene encoding the naturally occurring peptide may be incorporated into various types of expression vectors or the
like, and the expression vector may be then introduced into a cell, so that the gene is allowed to express therein, and
thereafter, the peptide may be obtained by a known recovery method and a known purification method. Alternatively,
the naturally occurring peptide may be generated in a cell-free protein synthetic system, in which commercially available
kits are used, such as reagent kits PROTEIOS™ (Toyobo Co., Ltd.) and TNT™ System (Promega) and synthesizers
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PG-Mate™ (Toyobo Co., Ltd.) and RTS (Roche Diagnostics), and thereafter, the generated peptide may be obtained
by a known recovery method and a known purification method. Hence, the methods are not limited.

[0039] On the other hand, chemically synthesized peptides can be obtained by a known peptide synthetic method.
Examples of such a synthetic method include an azide method, an acid chloride method, an acid anhydride method, a
mixed acid anhydride method, a DCC method, an active ester method, a carboimidazole method, and an oxidation-
reduction method. In addition, either a solid-phase synthetic method or a liquid-phase synthesis method can be applied
to the synthesis of such peptides. A commercially available peptide synthesizer may also be used. After completion of
the synthetic reaction, the peptide can be purified by a combined use of known purification methods such as chroma-
tography.

[0040] The therapeutic agent of the present invention and the spread inducer of the present invention may comprise
a derivative of any one of the above-described peptides (a) to (f), as well as any one of the peptides (a) to (f), or instead
of them. The term "derivative" is used herein to mean all products that can be prepared from the peptides (a) to (f). Thus,
examples of the derivative include a peptide in which some constituent amino acids are substituted with non-naturally
occurring amino acids, and a peptide in which some constituent amino acids (mainly, the side chains thereof) are
chemically modified.

[0041] The therapeutic agent of the present invention and the spread inducer of the present invention may comprise
a salt of any one of the above-described peptides (a) to (f) and/or the derivatives thereof, as well as any one of the
peptides (a) to (f) and/or the derivatives thereof, or instead of them. The salt is preferably a physiologically acceptable
acid-added salt or basic salt. Examples of the acid-added salt include: salts with inorganic acids such as hydrochloric
acid, phosphoric acid, hydrobromic acid, or sulfuric acid; and salts with organic acids such as acetic acid, formic acid,
propionic acid, fumaric acid, maleic acid, succinic acid, tartaric acid, citric acid, malic acid, oxalic acid, benzoic acid,
methanesulfonic acid, or benzenesulfonic acid. Examples of the basic salt include: salts with inorganic bases such as
sodium hydroxide, potassium hydroxide, ammonium hydroxide, or magnesium hydroxide; and salts with organic bases
such as caffeine, piperidine, trimethylamine, or pyridine.

[0042] Salts can be prepared using appropriate acids such as hydrochloric acid, or appropriate bases such as sodium
hydroxide. For example, salts can be prepared by treating the peptides with acids or bases in water orin a liquid containing
an inactive water-miscible organic solvent such as methanol, ethanol or dioxane, using standard protocols.

[0043] The therapeutic agent of the present invention and the spread inducer of the present invention may consist of
any one of the above-described peptides (a) to (f), the derivative thereof, or their salt, or may comprise other components,
as well as the peptide, the derivative thereof, or their salt. Thus, it is not limited. Examples of other components include
buffer solutions such as PBS and Tris-HCI, and additives such as sodium azide and glycerol. When the therapeutic
agent of the present invention and the spread inducer of the present invention comprise other components, the ratio of
other components contained can be determined, as appropriate, in a range in which the predetermined activity of the
peptide, the derivative thereof or their salt (the activity of repairing epithelial and endothelial injury, or the activity of
inducing spread of epithelial and endothelial cells) is not significantly impaired. Specifically, when the above-described
peptide is used in the form of a solution containing the peptide, the concentration of the peptide is not particularly limited,
and it is preferably 0.3 ng/ml or more, more preferably 0.3 to 5 ng/ml, even more preferably 0.3 to 2 ng/ml, further
preferably 0.4 to 1.5 ng/ml, particularly preferably 0.6 to 1 ng/ml, and most preferably 0.8 to 1 ng/ml.

[0044] Itis to be noted that the present invention also includes an invention directly relating to any one of the above-
described peptides (a) to (f), the derivative thereof, or their salt.

[0045] The present invention can provide a method for treating diseases or pathological conditions associated with
epithelial and endothelial injury, which uses the therapeutic agent of the present invention. Likewise, the presentinvention
can also provide a method for inducing spread of epithelial and endothelial cells, which uses the spread inducer of the
present invention. These methods comprise a step of administering the therapeutic agent of the present invention or
the spread inducer of the present invention to a test animal (including a patient). The methods may also comprise any
steps other than the aforementioned step, and are not limited. The test animal is not limited, either. Examples of the test
animal include various types of mammals including humans and non-human animals. The test animal is preferably a
human. The administration method, usage and dose of the therapeutic agent of the present invention and the spread
inducer of the present invention, and diseases or pathological conditions associated with epithelial and endothelial injury,
are not limited. The after-mentioned explanation regarding a method for administering a pharmaceutical composition
can be applied herein, as appropriate.

[0046] Moreover, in the present invention, taking into consideration action effects, the aforementioned therapeutic
agentand spread inducer can also be used as intercellularadhesion enhancers orintercellular space closers, as described
above. Furthermore, the present invention can also provide a method involving intracellular adhesion of epithelial and
endothelial cells, in which the intercellular adhesion enhancer of the present invention is used (intercellular adhesion-
reinforcing method), or a method of closing the intercellular space between epithelial and endothelial cells, in which the
intercellular space closer of the present invention is used. The same explanation as that regarding the above-described
therapeutic method or spread-inducing method can be applied to the steps, procedures and details of these methods.
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[0047] When the therapeutic agent of the present invention, the spread inducer of the present invention, or the like is
administered to the living body of a test animal, any one of the above-described peptides (a) to (f), which is the active
ingredient of the agent, may be directly administered thereto, or it may also be introduced in the living body in the form
of DNA encoding the peptide (gene transfer). Thus, the administration method is not limited. The DNA can be introduced
into the living body of a test animal according to various types of known gene transfer methods such as a liposome
method (lipoplex method), a polyplex method, a peptide method, an electroporation method (electric punch method),
and a viral vector method.

2. DNA, Recombinant Vector, and Transformant
(1)DNA

[0048] The presentinvention includes an invention relating to DNA comprising a nucleotide sequence encoding any
one of the above-described peptides (a) to (f). This DNA may be DNA consisting of a nucleotide sequence encoding
the peptide (for example, the above-described DNA consisting of the nucleotide sequence shown in any one of SEQ ID
NOS: 9, 3, 11 and 5, or DNA consisting of the nucleotide sequence shown in any one of SEQ ID NOS: 15, 17, 19 and
21), or it may also be DNA comprising, as a part thereof, the aforementioned nucleotide sequence and also comprising
known nucleotide sequences necessary for gene expression (a transcriptional promoter, an SD sequence, a Kozak
sequence, a terminator, etc.). Thus, the DNA is not limited. The type of a codon is not limited in a nucleotide sequence
encoding the peptide. The nucleotide sequence may comprise, forexample, a codon thatis generally included inmammals
such as humans after transcription, or a codon generally included in microbes such as Escherichia coli or yeast, plants,
and the like. Hence, the nucleotide sequence can be selected or designed, as appropriate.

[0049] Moreover, the present invention also includes DNA, which is capable of hybridizing under stringent conditions
with DNA consisting of a nucleotide sequence complementary to the DNA comprising the nucleotide sequence encoding
any one of the above-described peptides (a) to (f), and which encodes a protein having an activity of repairing epithelial
and endothelial injury or an activity of inducing spread of epithelial and endothelial cells. Herein, the stringent conditions
indicate, for example, conditions in which the salt (sodium) concentration is 150 to 900 mM and the temperature is 55°C
to 75°C, and preferably, the salt (sodium) concentration is 150 to 200 mM and the temperature is 60°C to 70°C.
[0050] Otherthanthe above-described DNA, examples of the DNA capable of the aforementioned hybridization include:
DNA consisting of the nucleotide sequence shown in SEQ ID NO: 3 or 5, when calculated in homology searching software
such as FAST or BLAST, using a default parameter; and DNA having homology of approximately 60% or more, approx-
imately 70% or more, 71% or more, 72% or more, 73% or more, 74% or more, 75% or more, 76% or more, 77% or more,
78% or more, 79% or more, 80% or more, 81% or more, 82% or more, 83% or more, 84% or more, 85% or more, 86%
or more, 87% or more, 88% or more, 89% or more, 90% or more, 91% or more, 92% or more, 93% or more, 94% or
more, 95% or more, 96% or more, 97% or more, 98% or more, 99% or more, 99.1% or more, 99.2% or more, 99.3% or
more, 99.4% or more, 99.5% or more, 99.6% or more, 99.7% or more, 99.8% or more, or 99.9% or more, with DNA
encoding a peptide consisting of the amino acid sequence shown in SEQ ID NO: 4 or 6.

(2) Recombinant vector comprising DNA

[0051] The presentinvention also includes a recombinant vector obtained by ligating (inserting) the above-described
DNA of the present invention to (into) a suitable vector. The vector, into which the DNA of the present invention is
inserted, is not particularly limited, as long as it is capable of replicating in a host. Examples of the vector include plasmid
DNA, phage DNA, and virus.

[0052] Examples of the plasmid DNA include a plasmid derived from Escherichia coli, a plasmid derived from Bacillus
subtilis, and a plasmid derived from yeast. An example of the phage DNA is A phage. Examples of the virus include
adenovirus and retrovirus.

[0053] To the recombinant vector of the present invention, a cis-element such as an enhancer, a splicing signal, a
poly-A additional signal, a ribosome-binding sequence (SD sequence), a selective marker gene, a reporter gene, and
the like can be ligated, as desired, as well as a promoter and the DNA of the present invention. Examples of the selective
marker gene include a dihydrofolate reductase gene, an ampicillin resistance gene, and a neomycin resistance gene.
Examples of the reporter gene include the genes of a green fluorescent protein (GFP) or mutants thereof (fluorescent
proteins such as EGFP, BFP, or YFP), luciferase, alkaline phosphatase, and LacZ.

(3) Transformant

[0054] The presentinvention also includes a transforrmant obtained by introducing the above-described recombinant
vector of the present invention into a host such that a gene of interest can be expressed therein. The host is not limited,
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as long as it allows the DNA of the present invention to express therein. Examples of the host include bacteria, yeasts
and the like, which are well known in the present technical field.

[0055] When abacteriumis used as a host, the recombinant vector of the present invention is capable of autonomously
replicating in the bacterium, and at the same time, a promoter, a ribosome-binding sequence, the DNA of the present
invention and a transcription termination sequence can be added to the bacterium. An example of such a bacterium is
Escherichia coli. As a promoter, a lac promoter is used, for example. As methods of introducing a vector into a bacterium,
various types of known introduction methods, for example, a calcium ion method can be applied.

[0056] When yeastis used as a host, Saccharomyces cerevisiae is used, for example. The promoter used in this case
is not particularly limited, as long as it can be expressed in yeast. An example of such a promoter is a gall promoter.
Examples of the method of introducing a vector into yeast include an electroporation method and a spheroplast method.

3. Pharmaceutical composition

[0057] The therapeutic agent of the present invention and the spread inducer of the present invention are useful as
active ingredients comprised in a pharmaceutical composition. It is to be noted that any one of the above-described
peptides (a) to (f) can also be referred to as the "active ingredient."

[0058] The pharmaceutical composition of the presentinvention is not limited. The present pharmaceutical composition
is useful, for example, as a pharmaceutical composition for use in the treatment of diseases or pathological conditions
associated with epithelial and endothelial injury (in particular, microinjury). Specifically, the present pharmaceutical
composition is preferably used as a pharmaceutical composition for use in the treatment of septicemia, pulmonary
edema, arteriosclerosis, acute myocardial infarction, angina, artery vein thrombosis, brain edema in cerebral vascular
disease, bronchial asthma, etc. Also, it is preferably used as a pharmaceutical composition for treating (suppressing) a
state in which vascular permeation is increased due to allergy or the like (i.e., increased vascular permeability).

[0059] The pharmaceutical composition of the present invention can be provided in the form of a pharmaceutical
composition comprising, as an active ingredient, the therapeutic agent of the present invention or the spread inducer of
the present invention, and further comprising a pharmaceutically acceptable carrier.

[0060] Examples of the "pharmaceutically acceptable carrier" include an excipient, a diluent, an expander, a disinte-
grator, a stabilizer, a preservative, a buffer agent, an emulsifier, an aromatic agent, a coloring agent, a sweetener, a
thickener, aflavoring agent, a solubilizer, and other additives. Using one or more types of such carriers, the pharmaceutical
composition can be processed in the form of an injection, a liquid agent, a capsule agent, a suspension, an emulsion,
a syrup agent, etc. These pharmaceutical compositions can be administered orally or parenterally. Another form of the
pharmaceutical compositions for parenteral administration may be an injection comprising one or more active substances,
which is prescribed by an ordinary method. Such an injection can be produced by dissolving or suspending the phar-
maceutical composition in a pharmaceutically acceptable carrier such as a normal saline or a commercially available
distilled water used for injections. In addition, when the therapeutic agent of the present invention or the spread inducer
of the present invention, which is an active ingredient, is administered into a living body, a colloidal dispersion system
can be used. The colloidal dispersion system is expected to have the effect of enhancing the stability of the aforementioned
peptide in vivo or the effect of efficiently transporting the compound to a specific organ, tissue or cell. The colloidal
dispersion system is not limited, as long as it is a commonly used system. Examples of the colloidal dispersion system
include dispersion systems each comprising, as a base, polyethylene glycol, a polymer composite, a polymer aggregate,
a nanocapsule, a microsphere, a bead, and a lipid including an oil-in-water emulsifier, a micelle, a mixed micelle and a
liposome. Preferred examples of the colloidal dispersion system include a liposome and an artificial membrane vesicle
having the effect of efficiently transporting the compound to a specific organ, tissue or cell.

[0061] The dose of the pharmaceutical composition of the present invention may be different depending on the age,
sex, body weight and symptoms of a test animal (various types of mammals including humans and non-human animals,
and preferably, humans), therapeutic effects, administration method, treating time, the type of the therapeutic agent of
the present invention or the spread inducer of the present invention contained in the pharmaceutical composition, etc.
In general, the present pharmaceutical composition can be administered in a dose range of 100 pg to 5000 mg per adult
per administration, but the applied dose is not limited thereto.

[0062] When the pharmaceutical composition is administered in the form of an injection, for example, it can be ad-
ministered to a human patient at a dose of 1 pg to 100 mg per kg of body weight per administration, once or divided
over several administrations, on average, per day. Examples of the administration form include intravenous injection,
subcutaneous injection, intradermal injection, intramuscular injection, and intraperitoneal injection. Among these, intra-
venous injection is preferable. Moreover, such an injection can be prepared in the form of a non-aqueous diluent (e.g.,
polyethylene glycol, vegetable oils such as olive oil, alcohols such as ethanol, etc.), a suspension or an emulsion in
some cases. Such an injection can be sterilized by filtration sterilization using a filter, addition of a disinfectant, etc. The
injection can be produced in the form of an injection prepared at the time of use. That is to say, an aseptic solid composition
can be prepared by a freeze-drying method or the like, and it can be then dissolved in aseptic distilled water used for
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injections or in another solvent before use.

[0063] The present invention provides use of the therapeutic agent of the present invention for producing a pharma-
ceutical agent (drug) for treating diseases or pathological conditions associated with epithelial and endothelial injury (in
particular, microinjury). In addition, the present invention provides a method for treating diseases or pathological condi-
tions associated with epithelial and endothelial injury (in particular, microinjury), wherein the method is characterized in
that it uses the therapeutic agent of the present invention (i.e., administration of the present therapeutic agent to a test
animal or a patient). Moreover, the present invention provides use of the therapeutic agent of the present invention for
treating diseases or pathological conditions associated with epithelial and endothelial injury (in particular, microinjury).
Herein, specific examples of the diseases or pathological conditions are the same as those described above.

[0064] Likewise, the present invention provides use of the spread inducer of the present invention for producing a
pharmaceutical agent (drug) for treating diseases or pathological conditions associated with epithelial and endothelial
injury (in particular, microinjury). In addition, the present invention provides a method for treating diseases or pathological
conditions associated with epithelial and endothelial injury (in particular, microinjury), wherein the method is characterized
in that it uses the spread inducer of the present invention (i.e., administration of the present spread inducer to a test
animal or a patient). Moreover, the present invention provides use of the spread inducer of the present invention for
treating diseases or pathological conditions associated with epithelial and endothelial injury (in particular, microinjury).
Herein, specific examples of the diseases or pathological conditions are the same as those described above.

4. Kit

[0065] The present invention also provides a kit for treating epithelial and endothelial injury and a kit for inducing
spread of epithelial and endothelial cells, which are characterized in that they comprise the therapeutic agent of the
present invention and the spread inducer of the present invention, respectively, as structural components thereof. The
kit of the present invention enables the treatment of epithelial and endothelial injury (in particular, microinjury) or induction
of spread of epithelial and endothelial cells. Thus, the present kit can be used effectively, for example, when diseases
or pathological conditions associated with epithelial and endothelial injury (specifically, septicemia, pulmonary edema,
arteriosclerosis, acute myocardial infarction, post-cerebral-infarction cerebral edema, bronchial asthma, etc.) are treated.
Accordingly, the kit of the present invention is not only effective in the clinical discipline, but also it is extremely useful
for various types of experiments and/or studies in the field of medicine and pharmaceutical sciences.

[0066] The kit of the present invention may also comprise various types of buffers, sterile water, various types of
reaction vessels (an Eppendorf tube, etc.), a washing agent, a surfactant, various types of plates, an aseptic, various
types of cell culture vessels, and experimental operation manual (instructions) and the like, as well as the therapeutic
agent of the present invention or the spread inducer of the present invention, and thus, the components contained in
the kit are not limited.

[0067] The presentinvention will be more specifically described in the following examples. However, these examples
are not intended to limit the scope of the present invention.

[0068] In the following Examples 1 to 9, as peptides to be used in the therapeutic agent and spread inducer of the
present invention, a peptide consisting of the whole F9 shown in SEQ ID NO: 2 (F9(47-471)), a peptide consisting of a
partial fragment of the whole F9 shown in SEQ ID NO: 6 (F9(192-236)), and further, a peptide consisting of a partial
fragment of the F9(192-236) shown in SEQ ID NO: 4 (F9(192-216)) were used. F9(47-471) is a peptide comprising
F9(192-236) and F9(192-216) as portions thereof. Such peptides used in the therapeutic agent and spread inducer of
the present invention can be used, as appropriate, in a form in which one or several lysine residues are added to the C-
terminus and/or N-terminus. In the following Examples, these peptides were used as fusion proteins with alkaline phos-
phatase (AP). Hereinafter, individual fusion proteins are referred to as AP-F9(47-471), AP-F9(192-236), and AP-
F9(192-216).

[0069] Specifically, individual fusion proteins were produced as follows. Using a known genetic recombination tech-
nique, cDNAs encoding the predetermined peptides (F9(47-471), F9(192-236) and F9(192-216)) (specifically, DNAs
each consisting of any one of the nucleotide sequences shown in SEQ ID NOS: 1, 3 and 5) were each inserted into an
AP expression vector (APtag4) such that they become fusion genes with the AP gene, thereby constructing recombinant
vectors comprising the fusion genes. The thus constructed vectors were each introduced into CHO cells, so that the
individual genes were allowed to expressed therein, followed by purification and other operations, so as to produce
individual fusion proteins. The cDNA was obtained by designing primers, as appropriate, based on the known gene
sequence of F9 (SEQ ID NO: 7) and then amplifying a desired cDNA fragment according to PCR. The obtained cDNA
was incorporated into APtag4, and was then used.

EXAMPLE 1

[0070] The squ